AD-A080  297 

UNCLASSIFIED 


CLARKSON  COLL  OF  TECHNOLOGY  POTSDAM  NY  DEPT  OF  MATHE— ETC  F/S  20/14 
NONLINEAR  WAVE  PROPAGATION. ( J) 

1979  M  J  ABL0WIT2  AF0SR-7B-3674 

_ AF0SR-TR-B0-0n47 _ Ml 


DOC  FILE  COPY  ADA08029? 


UNCLASSIFIF' 


SECURITY  CLASSIFICATIO  this  PAGE  D«l»  entered 


REPORT  DOCUMENTATION  PAGE 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


:  AFOSR/lnt-8  a  -  Q  Q  A  %  I 


2.  GOVT  ACCESSION  NO 


J  RECIPIENT’S  CATALOG  NUMBER 


4.  TITLE  end  Submit) 

I  NONLINEAR  WAVE  PROPAGATION  «. 


r % 

^  — Htt 


rwnc  r»r  aia.ai  MMM8 


V/Y  /  T<*  /  it 

liny  rrm" 


7 /  (^OTHORfaJ 

» 

Mark  J.  Ablowicz 


_ /  /•  '  ■»  - 

6.  PERFORMING  6HiI.  MEMURT  |«UMB>G« 


8.  contract  or  grant  number^; 


..  r 


9.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

Clarkson  College  *V 

Xd  ept.  of  Mathematics  &  Computer  Science 
Potsdam,  NY  13676 


L^AF(5sR-78-3674 


574^ 


10.  PROGRAM  ELEMENT.  PROJECT.  TASK 
AREA  4  WORK  .UNIT  NUMBERS 


61102F 


II.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 


Air  Force  Office  of  Scientific  Research/NM 
Bolling  AFB,  Washington,  DC  20332 


12.  REPORT  DATE 

Yr  . 1979 


2304jfA4  J 


S  “H 3.  N  UM  B  E ROFP Ap€4- , 


( /' 


J- 


4- 

thfa  rt 


T5.  SECURITY  CL  ASST  (of  thfa  report) 

_ _ _ > 

UNCLASSIFIED 


U.  MONITORING  AGENCY  NME 


different  Irom  Controlling  Office) 

/ 1 


15#.  DECLASSIFICATION 'DOWNGRADING 
SCHEDULE 


16.  DISTRIBUTION  STATEMENT  (of  this  ReportJ 

Approved  for  public  release;  distribution  unlimited. 


17.  DISTRIBUTION  STATEMENT  (ol  the  abstract  entered  In  Black  20.  II  dlllerenl  Irom  Report . 


18.  SUPPLEMENTARY  NOTES 


19.  KEY  WORDS  (Continue  on  reverse  aide  It  necessary  and  Identify  by  block  number) 


yw*  <j  ■  /  & 


ST R ACT  (Continue  on  reverse  aide  If  necessary  end  Identify  by  block  number) 

The  main  thrust  of  the  work  has  been  the  study  of  certain  fundamental  fea¬ 
tures  of  the  nonlinear  wave  propagation  which  arises  in  the  applications  of 
many  physical  problems.  Indeed,  there  are  numerous  disciplines  in  mathematics, 
mathematical  physics  and  physics  where  these  ideas  have  had  an  important  impact 
The  work  that  has  been  accomplished  relates  to  such  diverse  topics  as  nonlinearj 
optics,  the  stability  of  physically  important  waves ,specia 1  solutions  to  non¬ 
linear  equations,  wave  propagation  in  stratified  fluids,  ordinary  differential 
equations  without  movable  critical  points  etc.  T- - *-  1  -  - A  ’ —  '■*  ’ 


Iji^art,  bhis  yo/Q,\\as  yfelpedc' 


nn  FO"M 


UNCLASSIFIED 


SECUrV  '  CLASSIFICATION  OF  THIS  F'AGEfWlwi  £>•(«  Entmrtd) 


20.  Abstract  cont. 

Clarkson  College  to  become  a  center  of  activity  in  this  field. 


i  Accession  For 

~ tCTlS  GRAM 
DZ-C  TAB 
L:::m;ounced 
**  Law  tif ication 


i 


■Jllg-l**!  but  i  on  / 

Codes 

I  Avail  and/or 


L 1 


special 


/f 


AFOSR-XR-  8  0  -0047 


annual  technical  report 

Nonlinear  Wave  Propagation 
AFOSR  Grant  78-3674 

by 

Mark  J.  Ablowitz  / 
Dept,  of  Mathematics  • 
Clarkson  College  of  Technology 
Potsdam,  NY  13676 


>  f 


O  ’"V 


C7^ 


Approved  for  public  release; 

distribution  unlimited. 


2 


1.  Research  Objectives  and  Accomplishments 

During  the  past  year,  a  group  of  us  at  Clarkson  College 
have  been  studying  the  nonlinear  wave  propagation  associated 
with  physically  significant  systems.  This  work  has  important 
applications  in  the  areas  of  nonlinear  optics  i.e.  self-induced 
transparency,  certain  fluid  motions  i.e.  long  waves  in  stratified 
fluids,  as  well  as  important  consequences  in  mathematics,  and 
mathematical  physics.  Below  is  a  list  of  areas  where  we  have 
made  contributions. 

(1)  Nonlinear  Optics 

Here  the  application  we  have  been  interested 
in  is  the  propagation  of  ultra  short  optical  pulses  in  resonant 
media.  This  phenomena  is  commonly  referred  to  as  self-induced 
transparency  (S.I.T.).  S.I.T.  has  been  intensively  studied 
experimentally,  numerically,  and  analytically  by  numerous 
researchers  motivated  by  significant  potential  applications. 

Until  now  virtually  all  the  mathematical  analysis  has  been 
concerned  with  the  one  dimensional  equations.  For  example, 
in  one  dimension  it  has  been  shown  that  arbitrary  initial  values 
break  up  into  a  sequence  of  coherent  pulses  (soli tons) ,  which 
do  not  decay  as  they  propagate,  plus  radiation  which  rapidly 
attenuates.  There  are  various  types  of  solitons:  '2n  pulses' 
('hyperbolic  secant  pulses'),  'On  pulses'  ('breathers')  etc. 

We  have  shown,  analytically  that  these  pulses  are,  in  fact, 
unstable  to  transverse  variations.  (i.e.  these  one  dimensional 
waves  are  unstable  due  to  multidimensional  perturbations) . 

These  results  are  consistent  with  recent  numerical  and  experimenta 
studies  on  the  transverse  effects  of  S.I.T.  However,  this  is  the 
first  such  analytical  result  in  this  direction. 
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(2)  Painlev4  Equations  and  Nonlinear  Evolution  Equations 

We  have  discovered  a  deep  and  important  connectioi 
between  nonlinear  wave  equations  solvable  by  inverse  scattering 
and  certain  ordinary  differential  equations  (O.D.E.'s).  These 
0 • D  »E •  1  s  have  a  definable  mathematical  property,  namely  they 
do  not  have  any  movable  critical  points  (i.e.  the  singularities 
which  depend  on  the  initial  values  cannot  be  branch  points  or 
essential  singularities) .  We  have  developed  an  algorithmic 
test  to  see  if  an  O.D.E.  has  this  property.  Since  Painleve*  did 
much  original  work  on  this  subject,  we  refer  to  such  equations 
with  this  property  as  being  of  P  type.  Moreover  we  have  found 
in  all  cases  we  have  tested  that  similarity  reductions  of  the 
governing  nonlinear  evolution  equation  are  of  P  type  if  the 
evolution  equation  is  solvable  by  inverse  scattering. 

(3)  Perturbations  of  Solitons 

We  have  developed  a  direct  perturbation  method 
which  can  be  applied  to  a  wide  variety  of  problems  that  contain 
solitons  and  solitary  waves.  We  have  applied  this  method  to 
many  equations  e.g.  the  Korteweg  deVries  (KdV) ,  modified  KdV, 
nonlinear  Schrodinger,  sine-Gordon,  higher  nonlinear  KdV  etc. 
equations.  We  have  been  able  to  reproduce  well  known  results, 
as  well  as  new  results.  Indeed,  our  method  predicts  that  certain 
nonlinear  evolution  equations  will  have  a  focusing  singularity. 

We  are  currently  studying  this  question. 

(4)  Long  Waves  in  Stratified  Fluids 

The  equations  which  govern  long  internal  waves 
in  stratified  fluids  appear  to  be  rather  special.  Recently, 
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we  have  discovered  a  Backlund  transformation,  an  infinite  number 
of  conserved  quantities,  and  a  scattering  problem  for  these 
equations.  In  various  limits  we  find  the  well  known  results 
of  KdV  and  Benjamin-Ono.  This  equation  is  of  interest  to 
engineers  and  physicists. 

(5)  Long-time  Asymptotic  Solutions 

Corresponding  to  many  of  these  nonlinear  wave 
equations,  we  can  now  calculate  the  long  time  asymptotic 
solutions  both  with,  and  without  solitons.  The  calculations 
are  complicated  by  the  fact  that  in  this  asymptotic  limit  the 
solitons  and  continuous  spectrum  have  different  asymptotic  orders. 
These  asymptotic  calculations  have  allowed  us  to  develop  global 
connection  formulae  for  the  Painlev£  equations. 

(6)  Finite  Perturbations  and  Solutions  of  Nonlinear 
Wave  Equations 

It  is  now  well  known  that  there  are  many  special 
solutions  to  these  wave  equations  e.g.  solitons,  rational 
solutions,  periodic  solutions,  etc.  We  have  recently  developed 
formulae  which  describe,  exactly,  perturbations  (decaying  at 
infinity)  to  these  solutions.  Moreover,  it  turns  out  that  we 
can  describe  in  closed  form  certain  perturbations  which  have 
specific  properties.  We  refer  to  these  solutions  as  Quasi- 
Solitons . 

We  are  continuing  our  efforts  on  these  and  other 
problems  in  this  area.  There  is  considerable  interest  in  our 
work  and  this  research  field  in  general. 
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